Although oxidatively damaged lipoproteins are implicated in vascular injury, there is little information regarding the role of highdensity lipoprotein (HDL) oxidation in atherogenesis. One potential pathway involves hypochlorous acid (HOCl) produced by myeloperoxidase (MPO), a heme protein secreted by phagocytes. We previously showed that 3-chlorotyrosine is a specific product of HOCl. Therefore, to explore the role of oxidized HDL in the pathogenesis of vascular disease, we used MS to quantify 3-chlorotyrosine in HDL isolated from plasma and atherosclerotic tissue. HDL from human aortic atherosclerotic intima had an 8-fold higher level of 3-chlorotyrosine than plasma HDL. Tandem MS analysis identified MPO as a component of lesion HDL, suggesting that the two interact in the artery wall. Moreover, immunohistochemical studies found that specific epitopes derived from HOCl colocalized with apolipoprotein A-I, the major protein of HDL. These observations strongly support the hypothesis that MPO promotes HDL oxidation in the human artery wall. Levels of 3-chlorotyrosine were elevated in HDL isolated from the blood of humans with established coronary artery disease, suggesting that circulating levels of oxidized HDL represent a unique marker for clinically significant atherosclerosis. HDL or lipid-free apolipoprotein A-I exposed to HOCl was less able to remove cholesterol from cultured cells by a pathway requiring the cell membrane transporter ATP-binding cassette transporter A1. The detection of 3-chlorotyrosine in HDL isolated from vascular lesions raises the possibility that MPO, by virtue of its ability to form HOCl, may promote atherogenesis by counteracting the established antiatherogenic effects of HDL and the ATP-binding cassette transporter A1 pathway.
M
any lines of evidence indicate that high-density lipoprotein (HDL) protects the artery wall against the development of atherosclerosis (reviewed in refs. 1 and 2) . This atheroprotective effect is attributed mainly to the ability of HDL to mobilize excess cholesterol from arterial macrophages. Cell culture experiments have uncovered several mechanisms that enable components of HDL to remove cellular cholesterol (3, 4) . For example, phospholipids in HDL absorb cholesterol that diffuses from the plasma membrane, a passive process facilitated by the interaction of HDL particles with scavenger receptor B1. In contrast, HDL apolipoproteins remove cellular cholesterol and phospholipids by a cholesterol-inducible active transport process mediated by a cell membrane protein called ATP-binding cassette transporter A1 (ABCA1) (5) (6) (7) (8) .
The most abundant protein in HDL is apolipoprotein A-I (apoA-I), which accounts for Ϸ70% of the total protein content of HDL. Lipid-poor apoA-I promotes efflux of cellular cholesterol and phospholipids exclusively by the ABCA1 pathway (5) (6) (7) (8) . This process appears to involve the amphipathic ␣-helical domains in apoA-I (9) . Studies of synthetic peptides and deletion mutants of apoA-I suggest that the terminal helices of apoA-I penetrate into the phospholipid bilayer of membranes, promoting cooperative interactions between other ␣-helical segments and lipids to create an apo͞lipid structure that dissociates from membranes (10) .
This atheroprotective process may be inhibited by oxidative damage, which is implicated in the pathogenesis of atherosclerosis, a chronic inflammatory disease (11) . Moreover, phagocytes, which congregate at sites of inflammation, might be an important source of oxidants that create such damage. One pathway involves myeloperoxidase (MPO), a heme protein released by phagocytes (12) (13) (14) . MPO uses H 2 O 2 and chloride to generate the powerful oxidant hypochlorous acid (HOCl):
The importance of this reaction is underlined by the presence of enzymatically active MPO in human atherosclerotic lesions (15) . Although most oxidation products generated by HOCl are either nonspecific or yield uninformative compounds, in vitro studies demonstrate that MPO converts tyrosine into 3-chlorotyrosine, a stable product (16) . Studies of model systems and MPO-deficient mice have demonstrated that 3-chlorotyrosine is a molecular fingerprint that implicates the MPO pathway in oxidative damage (17, 18) .
Chlorination of the phenolic ring of tyrosine may have physiological relevance because elevated levels of 3-chlorotyrosine and other products characteristic of MPO have been detected in low-density lipoprotein isolated from human atherosclerotic lesions (19) (20) (21) . Moreover, methionine and phenylalanine residues in apoA-I are oxidized by reactive intermediates (22) (23) (24) (25) , and tyrosine residues are converted to o,oЈ-dityrosine by tyrosyl radical (26) . We recently showed that HOCl selectively targets tyrosine residues in apoA-I that are suitably juxtaposed to primary amino groups (27) . This mechanism might enable phagocytes to efficiently damage proteins during inflammation. However, remarkably little is known about the vulnerability of HDL to oxidation in the artery wall.
In the current study, we used MS to demonstrate that 3-chlorotyrosine levels are elevated in HDL isolated from human atherosclerotic tissue. Moreover, both HDL and lipid-free apoA-I exposed to physiologically plausible concentrations of HOCl became less able to promote cholesterol efflux from cultured cells by a pathway requiring ABCA1. Our observations raise the possibility that MPO promotes human atherogenesis by impairing the ability of HDL apolipoproteins to remove cholesterol from macrophages in the artery wall. ) (29, 30) . Protein was determined by using the Lowry assay (Bio-Rad) with albumin as the standard.
Experimental Procedures
Isolation of HDL. The Human Studies Committees at University of Washington School of Medicine and Wake Forest University School of Medicine approved all protocols involving human material. Blood collected from healthy adults and patients with documented coronary artery disease who had fasted overnight was anticoagulated with EDTA to obtain plasma. HDL (d ϭ 1.125-1.210 g͞ml) was prepared by sequential ultracentrifugation and was depleted of apoE and apoB-100 by heparin-agarose chromatography (31) .
Lesion HDL was isolated from carotid endarterectomy specimens that had been snap frozen. Lesions from a single individual (Ϸ0.5 g wet weight) were frozen in dry ice and pulverized with a stainless steel mortar and pestle. All subsequent procedures were carried out at 4°C. Tissue powder was suspended in 2 ml of buffer A [0.15 M NaCl͞100 M diethylenetriaminepentaacetic acid͞100 M butylated hydroxyl toluene, protease inhibitor mixture (Roche Diagnostics)͞10 mM sodium phosphate, pH 7.4] in a 2-ml centrifuge tube and rocked gently overnight. Tissue was removed by centrifugation; the supernatant was collected, and the pellet was extracted a second time with buffer A for 1 h. The pooled supernatants were centrifuged at 100,000 ϫ g for 30 min, and the pellet and uppermost lipemic layer were discarded. HDL was isolated from the tissue extract by sequential density ultracentrifugation (d ϭ 1.063-1.210 g͞ml; ref. 31) . Diethylenetriaminepentaacetic acid and butylated hydroxyl toluene (both 100 M) were included in all solutions used for lipoprotein isolation. Lesion HDL was equilibrated with buffer B (0.1 mM diethylenetriaminepentaacetic acid͞50 mM sodium phosphate, pH 7.4) by using a 100-kDa cutoff filter device (Millipore). ApoA-I in lesion HDL was immunodetected by using polyclonal rabbit anti-(human apoA-I) IgG followed by a horseradish peroxidase-conjugated goat anti-rabbit IgG and enhanced chemiluminescence detection.
Immunohistochemical Studies. Human coronary artery segments were obtained from hearts excised at the time of cardiac transplantation and then fixed in neutral buffered formalin and embedded in paraffin (32) . Atherosclerotic plaques were identified by morphological criteria in 6-m sections stained with Movat's pentachrome stains. Macrophages, MPO, HOClmodified proteins, and apoA-I were, respectively, identified with mAb HAM-56 (1:10 dilution, DAKO), rabbit polyclonal antisera (1:300 dilution; DAKO), hybridoma cell culture supernatant (HOP-1), and goat polyclonal antiserum (1:750 dilution). HOP-1 (clone 2D10G9) was provided by E. Malle (Medical University of Graz, Graz, Austria). Single-label immunohistochemistry was performed by using described techniques (32) . Nova red (Vector Laboratories), which yields a red reaction product, was used as the peroxidase substrate, and cell nuclei were counterstained with hematoxylin.
MS Analysis. HDL protein was precipitated with ice-cold trichloroacetic acid (10% vol͞vol), collected by centrifugation, washed with 10% trichloroacetic acid, and delipidated twice with water͞ methanol͞water-washed diethyl ether (1:3:7 vol͞vol) (33) . Isotopically labeled internal standards were added, and samples were hydrolyzed at 110°C for 12 h under argon with 4 N methane sulfonic acid (Sigma) supplemented with 1% benzoic acid and 1% phenol. Amino acids were isolated from the acid hydrolysate with sequential solid-phase extractions by using C18 and Chrom P columns (Supelco, Bellefonte, PA) (18, 28) . The t-butyl dimethylsilyl derivatives of amino acids were quantified by selected ion monitoring by using isotope dilution negative-ion chemical ionization GC͞MS (28) performed on a HewlettPackard 6890 gas chromatograph equipped with a 15 m DB-5 capillary column (0.25 mm i.d., 0.33 m film thickness, J & W Scientific, Folsom, CA) and interfaced with a Hewlett-Packard 5973 mass detector. Under these chromatography conditions, authentic compounds and isotopically labeled standards were baseline separated and exhibited retention times identical to those of analytes derived from tissue samples. The limit of detection (signal͞noise Ͼ10) was Ͻ1 fmol for all of the amino acids. Authentic 3-chlorotyrosine was stable to acid hydrolysis, and recovery of the amino acid from the solid-phase extraction columns was Ͼ80%.
All samples were manually injected by using an on column injector. The level of chlorotyrosine was quantified by using the ratio between the ion of m͞z 489 derived from 3-chlorotyrosine 2D Liquid Chromatography-Tandem MS Analysis. Liquid chromatography-electrospray ionization-tandem MS (MS͞MS) analyses were performed in the positive ion mode with a Finnigan LCQ ProteomeX ion trap instrument (San Jose, CA) coupled to a Surveyor (Thermo-Electron) quaternary HPLC pump, which in turn was interfaced with a strong cation exchange resin and a reverse-phase column (34) . A fully automated 11-cycle chromatographic run was carried out on each sample. The SEQUEST algorithm was used to interpret MS͞MS spectra. Matches were visually assessed if unique peptides had highly significant SE-QUEST scores (34) .
Cell Culture and Cholesterol Efflux. Baby hamster kidney (BHK) cells expressing mifepristone-inducible human ABCA1 were generated as described (35) . Cellular cholesterol was labeled by adding 1 Ci͞ml (35) . To measure cholesterol efflux, mock-or ABCA1-transfected cells were incubated with DMEM͞BSA without or with HDL, apoA-I, or peptide. After 2-4 h, the medium and cells were assayed for [ 3 H]cholesterol as described (35) . Cholesterol efflux mediated by HDL, apoA-I, or peptide was calculated as the percentage of total [ 3 H]cholesterol (medium plus cell) released into the medium after subtracting the value obtained with DMEM͞BSA alone. BHK cells incubated with oxidized HDL or apoA-I for up to 24 h demonstrated no changes in morphology and cell protein or cholesterol content per well.
Statistical Analysis. Results represent means Ϯ SEM. Differences between two groups were compared by using an unpaired Student's t test. Multiple comparisons were performed by using ANOVA. A P value Ͻ 0.05 was considered significant.
Results

ApoA-I Colocalizes with HOCl Epitopes in Human Atherosclerotic
Tissue. To determine whether HOCl might modify HDL in vivo, we used Abs specific for apoA-I and HOCl-modified proteins to immunostain coronary arteries (n ϭ 8) obtained from patients undergoing cardiac transplantation (32) . ApoA-I colocalized with epitopes recognized by HOP-1, an Ab specific for proteins oxidized by HOCl (36) , in the intima of atherosclerotic lesions ( Fig. 1 A and B) .
We have demonstrated previously that MPO is present in atherosclerotic lesions, in both macrophage-associated and extracellular distributions (15) . The vast majority of cell-associated MPO immunoreactivity was present in macrophages, and most of the extracellular MPO was juxtaposed with macrophages ( Fig.  1 C and D) . HOCl-modified proteins also colocalized with macrophages. However, the most robust staining for HOClmodified proteins was extracellular and colocalized with apoA-I. These observations are consistent with the ability of HOCl to generate long-lived reactive intermediates such as chloramines, which can diffuse long distances to react with proteins. Indeed, we have shown that chloramines mediate tyrosine chlorination in apoA-I in vitro (27) . The colocalization of HOCl-modified proteins with apoA-I suggests that HOCl oxidizes specific proteins in the human artery wall.
3-Chlorotyrosine Is Elevated in HDL Isolated from Human Vascular
Lesions. To quantitatively assess whether MPO oxidizes proteins in the artery wall, we isolated HDL by sequential density gradient ultracentrifugation from human carotid atherosclerotic tissue recovered at surgery. Lesion HDL subjected to immunoblotting analysis with a rabbit polyclonal Ab monospecific for human apoA-I demonstrated a protein with the predicted molecular mass of apoA-I ( Fig. 2A) . Forms of immunoreactive apoA-I with higher molecular mass were also present. Apo A-I represented Ͼ50% of lesion HDL protein as assessed by Western blotting.
We used negative-ion chemical ionization GC͞MS to determine whether 3-chlorotyrosine was present in HDL isolated from human atherosclerotic lesions. We detected a compound in the amino acid hydrolysate that exhibited major ions and retention time identical to those of authentic 3-chlorotyrosine. Selected ion monitoring showed that the ions derived from this amino acid co-eluted with those derived from 3-chloro[ 13 C 6 ]tyrosine (Fig. 2B) . In contrast, there was little evidence for 3-chlorotyrosine formation during sample work-up and analysis (monitored as the appearance of 3-chloro[ 13 C 9 , To determine how the level of 3-chlorotyrosine in lesion HDL compares to that in circulating HDL, we isolated HDL from human plasma and from human atherosclerotic aortic tissue. After delipidating and hydrolyzing the proteins, we quantified levels of the derivatized amino acid in acid hydrolysates with isotope dilution GC͞MS (Fig. 3A) . Remarkably, there was an 8-fold higher level of protein-bound 3-chlorotyrosine in lesion HDL (177 Ϯ 27 mol͞mol Tyr; n ϭ 10) than in circulating HDL (22 Ϯ 7 mol͞mol Tyr; n ϭ 17) isolated from humans (P Ͻ 0.0001).
HDL Isolated from Human Atherosclerotic Lesions Contains Myeloper-
oxidase. Previous studies have shown that low-density lipoprotein binds MPO under physiologically relevant conditions (37) . To determine whether HDL in the artery wall might behave similarly, we digested lesion HDL with trypsin and analyzed the resulting peptides with 2D liquid chromatography and electrospray ionization-MS. Four peptides in the digest were derived from MPO. We confirmed their origin by sequencing them with MS͞MS (Fig. 4) . This observation provides strong evidence that MPO is a component of HDL isolated by ultracentrifugation from atherosclerotic lesions and suggests that the enzyme has high affinity for HDL in the artery wall. 
Levels of 3-Chlorotyrosine Are Elevated in Plasma HDL from Humans
with Coronary Artery Disease. To determine whether oxidized HDL might also be present in the circulation, we isolated HDL from plasma of healthy subjects (eight males, aged 34-63 years) and subjects with established coronary artery disease (seven males and two females, aged 33-67 years). The former had no known history of vascular disease or symptoms suggestive of angina, peripheral vascular disease, or cerebral vascular disease. The subjects with coronary artery disease had angiographically documented atherosclerosis.
To determine whether levels of chlorinated lipoproteins were elevated in the subjects with coronary artery disease, we isolated HDL from their plasma and plasma of healthy subjects. After delipidating and hydrolyzing the proteins, we subjected the derivatized amino acid hydrolysate to isotope dilution GC͞MS analysis (Fig. 3B) . The level of protein-bound 3-chlorotyrosine was 13-times higher in circulating HDL from the patients (39 Ϯ 7 mol͞mol Tyr; n ϭ 9) than in circulating HDL from the healthy subjects (3 Ϯ 2 mol͞mol Tyr; n ϭ 8; P Ͻ 0.0001). This observation suggests that levels of chlorinated HDL (perhaps derived from vascular lesions) are elevated in the blood of humans suffering from clinically significant atherosclerosis.
Oxidation of HDL and ApoA-I Impairs Cholesterol Transport in Cultured
Cells by ABCA1. The 10 amphipathic helices in apoA-I, the major protein of HDL, are thought to play essential roles in lipid binding, lipoprotein stability, and reverse cholesterol transport (38, 39) . Five of the seven tyrosine residues in this protein lie in amphipathic helices, and we have previously shown that Tyr-192 in helix 8 is the major site of chlorination (27) . We therefore hypothesized that HOCl might alter the ability of HDL and apoA-I to remove cholesterol from cells.
To test this idea, we exposed HDL or purified apoA-I to HOCl or H 2 O 2 (80:1 or 25:1, mol͞mol, oxidant͞HDL particle or oxidant͞apoA-I) in a physiological buffer (138 mM NaCl͞2.7 mM KCl͞10 mM sodium phosphate) at neutral pH for 120 min at 37°C, terminating the reaction with a 20-fold mol excess (relative to oxidant) of methionine. Because the average HDL 3 particle contains 2 mol of apoA-I (seven tyrosine residues, 243 aa) and 1 mol of apoA-II (eight tyrosine residues, 154 aa), the ratio of oxidant to substrate (mol:mol) was Ϸ30:1 for apoA-I and apoA-II, 3:1 for tyrosine residues, and 1:8 for total amino acids. For lipid-free apoA-I, the ratio of oxidant to substrates was Ϸ30% greater than for apoA-I in HDL. We previously showed that Ϸ50% of Tyr-192 is chlorinated by HOCl under these conditions (27) .
We next determined how oxidation affects the ability of HDL or apoA-I to promote cholesterol efflux from BHK cells that expressed very low or very high levels of ABCA1. With mocktransfected cells (low ABCA1), HDL promoted cholesterol efflux exclusively by diffusional mechanisms, and apoA-I had essentially no cholesterol efflux activity (Fig. 5A) . Oxidation of HDL with HOCl or H 2 O 2 (which oxidizes methionines) had no effect on or slightly increased HDL-mediated cholesterol efflux from these cells. When ABCA1 was overexpressed in transfected BHK cells, however, HDL-mediated cholesterol efflux increased and apoA-I became active (Fig. 5A) . Whereas H 2 O 2 oxidation had no effect, chlorination by HOCl was associated with a significant decrease in cholesterol efflux that was promoted by HDL or apoA-I (Fig. 5 A and B) . These observations indicate that oxidation of HDL and apoA-I with HOCl selectively impairs their abilities to remove cholesterol from cells by a pathway requiring ABCA1.
Oxidation of a Synthetic Peptide Containing Tyrosine Impairs Lipid
Efflux Ability. Acetyl-18A-NH 2 (18A), an 18-aa analog of the type of amphipathic ␣-helix found in apos, mimics apoA-I in promoting cholesterol efflux by the ABCA1 pathway (40, 41) . 18A contains a single tyrosine residue in a KxxY motif (where K ϭ lysine, Y ϭ tyrosine, and x ϭ an amino acid unreactive with HOCl), which juxtaposes the amino acid side chains of K and Y residues in an ␣-helical peptide (27) . MS analysis revealed that Ϸ30% of the tyrosine residues in 18A were chlorinated when it was exposed to HOCl (5:1, oxidant͞peptide, mol͞mol).
We investigated the ability of native and oxidized 18A to Fig. 3 . MS quantification of 3-chlorotyrosine in HDL isolated from plasma and human atherosclerotic lesions. Plasma was obtained from healthy humans and humans with established coronary artery disease (CAD). Human atherosclerotic tissue was obtained at surgery from subjects undergoing carotid endarterectomy. HDL was isolated from plasma and tissue by sequential ultracentrifugation. Oxidized amino acids isolated from hydrolyzed HDL proteins were quantified by isotope dilution GC͞MS with selected ion monitoring. promote cholesterol efflux from BHK cells. In contrast to apoA-I, 18A promoted cholesterol efflux from both mock-and ABCA1-transfected BHK cells, but to a much greater extent from the ABCA1-expressing cells. HOCl treatment significantly reduced the ability of 18A to remove cholesterol by both the ABCA1-independent and -dependent mechanisms (Fig. 5C ). These studies suggest that site-specific oxidation of tyrosines in amphipathic ␣-helices can impair lipid transport activities.
Discussion
In this study, we determined whether MPO oxidizes HDL in vivo by analyzing the lipoprotein and its major protein, apoA-I, for 3-chlorotyrosine, a highly specific marker for the MPO-HOCl system. Remarkably, the level of 3-chlorotyrosine in HDL isolated from human atherosclerotic lesions was 8-fold higher than that in circulating HDL from human subjects. Moreover, the level of 3-chlorotyrosine was 13-fold higher in HDL isolated from plasma of subjects with coronary artery disease than in HDL from plasma of healthy subjects. These observations strongly support the hypothesis that HOCl derived from MPO contributes to HDL oxidation in the artery wall. They also suggest that elevated levels of 3-chlorotyrosine in circulating HDL might represent a unique marker for clinically significant atherosclerosis. A key question is whether chlorination of HDL by MPO in the artery wall promotes the development of atherosclerotic plaque. One hypothesis to explain the ameliorative effects of HDL on atherogenesis is that HDL apos transfer excess sterol from macrophages into blood by a pathway requiring ABCA1 (9, 42) . The observation that humans and mice lacking ABCA1 develop accelerated atherosclerosis (43, 44) is consistent with this proposal.
We found that HDL and lipid-free apoA-I oxidized by HOCl are less able to remove cholesterol from cells by the ABCA1 pathway than native HDL and apoA-I. Because HDL contains both phospholipids and apolipoproteins, it can remove cellular cholesterol by both ABCA1-independent and -dependent mechanisms. Treating HDL with HOCl did not inhibit cholesterol efflux by ABCA1-independent processes but significantly reduced efflux from ABCA1-expressing cells. Similarly, oxidizing lipid-free apoA-I (which removes cellular lipids exclusively by the ABCA1 pathway) with HOCl markedly reduced cholesterol efflux. This inhibitory effect was near maximal when HOCl had chlorinated Ϸ50% of the tyrosine residues in apoA-I. In contrast, treating HDL or apoA-I with hydrogen peroxide, which selectively oxidizes methionines in the absence of redox active metal ions, did not affect cholesterol efflux. Previous studies have shown that methionine oxidation fails to alter apoA-Ipromoted cholesterol efflux from cultured cells (23) . We also found that HOCl oxidation of an apolipoprotein-mimetic amphipathic ␣-helical peptide reduced its ability to remove cellular cholesterol. Thus, MPO-mediated chlorination of tyrosine residues in HDL apolipoproteins in the artery wall might impair cholesterol removal and enhances atherogenesis.
Our results showing relatively high levels of 3-chlorotyrosine in plasma HDL from coronary artery disease subjects might seem surprising, given that blood is richly endowed with antioxidants that scavenge reactive intermediates. If MPO interacted specifically with circulating HDL, however, it could promote HDL oxidation even in such an unfavorable environment by generating high local concentrations of reactive intermediates. Indeed, we found that MPO was associated with lesion HDL.
Another intriguing possibility is that the oxidized HDL found in plasma is generated elsewhere, in a microenvironment that is depleted of antioxidants and contains high concentrations of HOCl. Many lines of evidence indicate that atherosclerotic lesions represent such an environment (45) . The levels of 3-chlorotyrosine in HDL isolated from human atherosclerotic lesions are Ϸ20% of those observed in bacteria that have been phagocytosed by neutrophils (46, 47) . Phagocytosis triggers the production of superoxide and the secretion of MPO into the phagolysosome, where the microbe is bathed in high local concentrations of H 2 O 2 and MPO-derived oxidants (48) . Like the phagolysosome, the inflammatory milieu may provide all of the factors that MPO needs to chlorinate proteins. Thus, some of the chlorinated HDL found in plasma could leak into blood from atherosclerotic lesions or other sites of acute and chronic inflammation. Regardless of whether it originates in blood or lesions, however, 3-chlorotyrosine in plasma HDL might be a useful indicator of the risk of cardiovascular disease and the efficacy of antioxidant interventions.
We previously showed that the primary amino group of lysine facilitates the regioselective chlorination of tyrosine residues in the YxxK motif of apoA-I and synthetic peptides by a pathway involving a chloramine intermediate (27) . Modeling and structural studies indicate that tyrosine and lysine residues separated by two amino acids are adjacent on the same face of an ␣-helix, suggesting that the YxxK motif could direct protein chlorination if it resided in an ␣-helix. Consistent with this proposal, we found that a single tyrosine residue in the 8 th amphipathic ␣-helix of apoA-I was the major site of chlorination by HOCl and that this tyrosine resided in the YxxK motif (27) . In future studies, it will be of interest to determine whether regiospecific chlorination of specific tyrosine residues can account for the impaired ability of oxidized apoA-I to promote cholesterol efflux from cells.
Conclusion
The observations made in this study have generated the following model. Oxidative species generated by phagocytes chlorinate specific tyrosine residues in apoA-I. Modification of these residues impairs the ability of the protein to promote cholesterol efflux from lipid-laden macrophages, contributing to the formation of atherosclerotic lesions. Because phagocytes store NADPH oxidase and MPO in their plasma membrane and secretory compartments, respectively, oxidation is likely to be tightly restricted in space by local changes in oxidant concentrations. It is important to note that apoA-I promotes cholesterol efflux from cells by interacting with ABCA1 at the plasma membrane of macrophages. Our findings suggest that local pericellular production of oxidants by phagocytes is a physiological mechanism for oxidizing apoA-I and inhibiting HDL function during atherogenesis. Moreover, 3-chlorotyrosine in HDL protein may serve as a molecular fingerprint for the pathway that mediates oxidative damage in patients suffering from coronary artery disease.
